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The applicant is hereby notified that the international search report has beeu established and is transmitted herewith. 
Filing of amendments and statement uuder Article 19: 

The applicant is entitled, if he so wishes, to amend the claims of (he international application (see Rule 46): 

When? The time limit for filing such amendments is normally 2 months from the date of transmittal of the 
international search report; however, for more details, see the uotes on the accompany sheet. 
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Shortly after 18 mouths from the priority date, the international application will be published by the International Bureau. 
If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international application , or of the 
priority claim, must reach the International Bureau as provided in rules 90 bis I and 90 bis 3, respectively, before the 
completion of the technical preparations for international publication. 
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wishes to postpone the entry into the national phase until 30 months from the priority date (in some Offices even later). 
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Applicant's or agent's file reference 
587-68 EPO/P 


FOR FURTHER 
ACTION 


see Notification of Transmittal of International Search Report 
(Form PCT/ISA/220) as well as, where applicable, item 5 
below. 


International application No. 
PCT/US99/11617 


International filing date {day/month/year) 
26 May 1999 (26.05.1999) 


(Earliest) Priority Date {day /month/year) 
27 May 1998 (27.05.1998) 


Applicant 

PORTA SYSTEMS CORPORATION 



This international search report has been prepared by this International Searching Authority and is transmitted to the 
applicant according to Article 18. A copy is being transmitted to the International Bureau. 

This inte rnati onal search report consists of a total of *f sheets. 

^ It is also accompanied by a copy of each prior art document cited in this report. 



Basis of the Report 

a. With regard to the language, the international search was carried out on the basis of the international application in the 
language in which it was filed, unless otherwise indicated under this item. 



□ 



2. 

3. 
4. 



the international search was carried out on the basis of a translation of the international application furnished to this 
Authority (Rule 23.1(b)). 

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
search was carried out on the basis of the sequence listing: 

contained in the international application in written form. 

filed together with the international application in computer readable form. 

furnished subsequently to this Authority in written form. 

furnished subsequently to this Authority in computer readable form. 

the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

the statement that the information recorded in computer readable form is identical to the written sequence listing has 
been furnished. 

Certain claims were found unsearchable (See Box I). 

I 1 Unity of invention Is lacking (See Box II). 
With regard to the title, 

[/^] the text is approved as submitted by the applicant. 

[ 1 the text has been established by this Authority to read as follows: 



□ 
□ 
□ 
□ 
□ 

□ 



With regard to the abstract, 

I I the text is approved as submitted by the applicant. 

1X1 the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box III. The applicant 
may, within one month from the date of mailing of this international search report, submit comments to this 
Authority. 

The figure of the drawings to be published with the abstract is Figure No. 3 

□ 

as suggested by the applicant. Q None of the figures 

because the applicant failed to suggest a figure. 
I 1 because this figure better characterizes the invention. 
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Box I Observations where certain claims were found unsearchable (Continuation of Item 1 of first sheet) 



This international report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 

1. 1 I Claim Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



I | Claim Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to 
such an extent that no meaningful international search can be carried out, specifically: 



6.4(a). 



Claim Nos.: 4-7 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 



Box II Observations where unity of invention is lacking (Continuation of Item 2 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 



As all required additional search fees were timely paid by the applicant, this international search report covers all 
searchable claims. 

As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite 
payment of any additional fee. 

As only some of the required additional search fees were timely paid by the applicant, this international search 
report covers only those claims for which fees were paid, specifically claims Nos.: 



No required additional search fees were timely paid by the applicant. Consequently, this international search report 
is restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 

The additional search fees were accompanied by the applicant's protest. 
No protest accompanied the payment of additional search fees. 



Remark on Protest 



□ 
□ 



Form PCT/ISA/210 (continuation of first sheet(l)) (July 1998) 



INTERNA W>NAL SEARCH REPORT 



International application No. 
PCT/US99/11617 



Box m TEXT OF THE ABSTRACT (Continuation of Item 5 of the first sheet) 



The technical features mentioned in the abstract do not include a reference sign between parentheses (PCT Rule 8.1(d)). 
NEW ABSTRACT 

A method of testing a telecommunications line (7) by using the following method. Applying a first AC test signal to a 
com municai tons line (7) by tone generator (23) having a first frequency and then measuring the response to the first test signal. 
Applying a second AC test signal to the same communications line (7) with a different frequency and measuring the response. 
Calculating one or more line parameters based on the two measured responses. 
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A. CLASSIFICATION OF SUBJECT MATTER 

IPC(6) H04M 1/24 

US CL : 379/6, 26, 30; 324/526 
According to International Patent Classification (IPC) or to both national classification and IPC 



B. 



FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 379/1, 6, 21, 26, 27, 30; 324/526, 658, 691 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
NONE 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
NONE 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



A 
X 

A 
X 

A 

A.P 



US 5,063,585 A (SHAPIRO) 05 November 1991, see col. 4 line 4 through line 28. 
US 5,073,902 A (MASUKAWA et al) 17 December 1991, see figure 3. 
US 5,625,667 A (VOGT, III et al) 29 April 1997, see figure 5 



US 5,864,602 A (NEEDLE) 26 January 1999, see abstract and figure 2. 
US 5,465,287 A (EGOZI) 07 November 1995, see abstract and figure5. 



8, 13 



7-3 and 9-12 
8, 13 

1-3 and 9-12 
8, 13 

1-3 and 9-12 
1-3 and 8-13 
1-3 and 8-13 



□ 



Further documents are listed in the continuation of Box C. 



□ 



See patent family annex. 



* Special categories of cited documents: 

"A" document defining the general stale of the art which is oot considered 10 be 
of particular relevance 

*E" earlier application or patent published on or after the internal ional filing dale 

"L" document which may throw doubts on priority claim(s) or which is cited to 
establish the publication dale of another citation or other special reasoo (as 
specified) 

"O" document referring to an oral disclosure, use, exhibition or other means 

"P* d on i n i a i t published prior to the international Tiling date but later than the 
priority date claimed 



-Y" 



later document published after the international Tiling date or priority 
date and oot in conflict with the application but cited to understand the 
principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document ts 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the an 

document member of the same patent family 



Date of the actual completion of the international search 
11 November 1999(11.11.1999) 


Date of mailing of the international search report 

2 0 JAN 2060 


Name and mailing address of the ISA/ US 

Commissioner of Patents and Trademarks 
Box PCT 

Washington. D.C. 20231 

Facsimile No. (703)305-3230 


Authorized officer g « 
Paul A Loomis VjiS^ W AjLI 
Telephone No. (703) 305-4700 
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Applicant's or agent's file reference 
587-68 EPO/P 


FOR FURTHER ACTION See Notification of Transmittal of International 

Preliminary Examination Report (Form PCT/IPEA/4 16) 


International application No. 


International filing date {day /month/year) 


Priority date (day /month/year) 


PCT/US99/11617 


26 MAY 1999 


27 MAY 1998 


International Patent Classification (IPC) or national classification and IPC 
IPC(7): H04M 1/24 and US CK:379/1 T 6. 21, 26, 27, 30; 324/526, 658, 691 


Applicant 
PORTA SYSTEMS CORPORATION 



This international preliminary examination report has been prepared by this International Preliminary 
Examining Authority and is transmitted to the applicant according to Article 36. 

This REPORT consists of a total of sheets. 

□ This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority, 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of 0 sheets. 



3. This report contains indications relating to the following items: 
I Basis of the report 

II j^J Priority 

HI Q Non-establishment of report with regard to novelty, inventive step or industrial applicability 

IV | | Lack of unity of invention 

V Fx\ Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

VI [ | Certain documents cited _ £ 

VII | | Certain defects in the international application 

VIII I I Certain observations on the international application <=? J,:q 
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Date of submission of the demand 
21 DECEMBER 1999 


-e=> — i 

Date of completion of this report 

1 1 MARCH 2001 1 


Name and mailing address of the I PEA US 
Commissioner of Patents and Trademarks 
Box PCT 

Washington. D.C. 20231 
Facsimile No. (703) 305-3230 


Authorized officer I J / ^ f / I J 
Telephone No. (703) 305-4708 
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 
PCT/US99/11617 



I. Basis of the report 



1. With regard to the elements of the international application:* 
| | the international application as originally filed 



the description: 

pages 

pages 

pages 



1-19 



NONE 



_ , as originally filed 
filed with the demand 



NONE 



filed with the letter of 



the claims: 

pages 

pages 

pages 

pages 



20-22 



NONE 



NONE 



, as originally filed 

, as amended (together with any statement) under Article 1 9 
, filed with the demand 



NONE 



t filed with the letter of 



| x| * ne drawings: 



pages 
pages 
pages 



8 



NONE 



, as originally filed 

, filed with the demand 



NONE 



filed with the letter of . 



the sequence listing part of the description: 

pages NONE 

pages 

pages 



NONE 



, as originally filed 

filed with the demand 



NONE 



filed with the letter of . 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language which is: 

| | the language of a translation furnished for the purposes of international search (under Rule 23.1(b)). 
| | the language of publication of the international application (under Rule 48.3(b)). 

| | the language of the translation furnished for the purposes of international preliminary examination (under Rules 55.2 and/ 
or 55.3). 

3. With regard to anv nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in printed form. 

| | filed together with the international application in computer readable form. 

| | furnished subsequently to this Authority in written form. 

j | furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

I I The statement that the information recorded in computer readable form is identical to the writen sequence listing has 
' ' been furnished. 

4 | x| The amendments have resulted in the cancellation of: 

Q the description, pages NONE 

H the claims, Nos. NONE 

fx] the drawings, sheets^ NONE 



5. This report has been drawn as if (some of) the amendments had not been made, since they have been considered to go 

bevond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 
* Replacement sheets which have been furnished to the receiving Office in response to an invitation wider Article 14 are referred to 
in this report as "originally filed" and are not annexed to this report since they do not contain amendments (Rules 70.16 
and 70.17). 

**Anv replacement sheet containing such amendments must be referred to under item 1 and annexed to this report. 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability'; 
citations and explanations supporting such statement 



1 . statement 

Novelty (N) 



Claims 3-7 AND 10-11 



Claims 1-2, 8-9 AND 12-13 



YES 
NO 



Inventive Step (IS) 



Claims NONE 



Claims 1-13 



YES 
NO 



Industrial Applicability (IA) 



Claims 1-13 



Claims NONE 



YES 
NO 



2. citations and explanations (Rule 70.7) 

Claims 1-2 and 12 lack novelty under PCT Article 33(2) as being anticipated by Shapiro (US Pat# 5,063,585). 

Regarding claims 1-2 and 12, Shapiro teaches a telephone subscriber line fault detection comprising of sending a first 
and second AC test signal (see column 4 lines 4-28 and fig. 3) when testing a subscriber line. 

Claims 8-9 and 13 lack novelty under PCT Article 33(2) as being anticipated by Masukawa et al. (US Pat# 5,073,920). 

Regarding claims 8-9 and 13. masukawa teaches a method and apparatus of measuring a subscriber line comprising of 
sending two test signals on respective lines (see fig. 3). 

Claims 3-5 lack an inventive step under PCT Article 33(3) as being obvious over Shapiro et al. in view of Ingle (US Pat# 
4.768.203). 

Regarding claims 3-5, Shapiro fails to teach the claimed subject matter but Ingle teaches signal-to-noise ratio 
testing in adaptive differential pulse code modulation in (see entire disclosure) wherein a plurality of multi-tone frequencies 
can be used in analyzing the quality of a loop (see figs. 3-6 and table I of column 6). 

Therefore, it would have been obvious to one of ordinary skill in the art at the time the invention was made to 
incorporate the teaching of Ingle into that of Shapiro thus making it possible to test a loop by using multi- frequency tones. 

Claim 6 lack an inventive step under PCT Article 33(3) as being obvious over Shapiro in view of Vogt et al. (US Pat# 
5,625.667). 

Regarding claim 6. Shapiro fails to teach the claimed subject matter but Vogt teaches a method of predicting 
voltages in telephone line measurement comprising of being able to perform multi-test to determine values of electrical 
parameters. Therefore, it would have been obvious to one of ordinary skill in the art at the time the invention was made to 
incorporate the teaching of Vogt into that of Shapiro thus making it possible to (Continued on Supplemental Sheet.) 
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Supplemental Box 

(To be used when the space in any of the preceding boxes is not sufficient) 



Continuation of: Boxes I - VIII 



Sheet 10 



V. 2. REASONED STATEMENTS - CITATIONS AND EXPLANATIONS (Continued): 
perform a plurality of test in measuring different parameters in assessing the quality of a component. 

Claim 7 lack an inventive step under PCT Article 33(3) as being obvious over Shapiro in view of Masukawa. 

Regarding claim 7, Shapiro fails to teach the claimed subject matter but Masukawa teaches a method for measuring a 
subscriber line comprising of measuring a plurality of impedances on two lines namely; line A and B (see fig. 3). 

Therefore , it would have been obvious to one of ordinary skill in the art at the time the invention was made to 
incorporate the teaching of Masukawa into that of Shapiro thus making it possible to detect ad measure impedances of a 
telephone line in a short lime with high accuracy. 

Claims 1 0-1 1 lack an inventive step under PCT Article 33(3) as being obvious over Masakawa in view of Ingle. 

Regarding claims 10-1 1, Masakawa fails to teach the claimed subject matter but Ingle teaches signal-to-noise ratio 
testing in adaptive differential pulse code modulation in (see entire disclosure) wherein a plurality of multi-tone frequencies can 
be used in analyzing the quality of a loop (see figs. 3-6 and table 1 of column 6). 

Therefore, it would have been obvious to one of ordinary skill in the art at the time the invention was made to 
incorporate the teaching of Ingle into that of Masakawa thus making it possible to test a loop by using multi-frequency tones. 



— — NEW CITATIONS 

US 4,768,203 A (INGLE) 30 AUGUST 1988, SEE ENTIRE DISCLOSURE. 
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A I 



CLAIMS 

1. A method of testing a telecommunications system, th^ 

method comprising; 

1) applying a first AC test signal having a f/rst 
5 signal frequency to the system and measuring the response 

of the system to the first test signal ; 

2) applying a second AC test signal having/a second 
signal frequency different to the first signal f/equency to 
the system and measuring the response of the gVstem to the 

10 second test signal; and 

3) calculating one or more parameters of the system 
from the responses measured in steps 1) ^and 2) . 

[I 2. A method according to claim 1 wherein the first and 

li second test signals are applied at different times, 

t* 15 3. A method according to claim on/or two wherein one or 
both of the test signals has a substantially sinusoidal 

LJ waveform. 
= 4. A method according to ajrfy of the preceding claims 

H wherein less than five cycles/of each signal is applied to 

^ 20 the system. 
;j 5. A method according lo any of the preceding claims 

It wherein the test signal^ are each applied to the system 

through a known impedance . 

6. A method according to any of the preceding claims 
25 further compr i sing [/applying; 

4) applying one or more additional test signals^-to 
the system and nfeasuring the response of the system to the 
or each test ^ignal; and 

wherein^ step 3) comprises calculating one or more 
30 parameters/ of the system from the responses measured in 
steps 1)/2) and 4) . 

7. A/method according to any of the preceding claims 
where/n the system comprises first and second transmission 
lin^s, and wherein each step of applying a test signal and 

35 measuring the response of the system comprises 
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a) applying the test signal to the first line a 



monitoring the response of the first line and the sec/nd 
line to the test signal; and / 

b) applying the test signal to the second liAe and 
monitoring the response of the second line and tjsfe first 
line to the second test signal. / 

8. A method of testing a telecommunications system 
comprising first and second transmission line/, the method 

comprising / 

1) applying a first test signal tc/ the first line 
and measuring the response of the first l/ne and the second 
line to the first test signal; / 

2) applying a second test sign/l to the second line 
and measuring the response of the se/ond line and the first 
line to the second test signal; axid 

3) calculating one or yftore parameters of the 
telecommunications system from/ the responses measured in 
steps 1) and 2) . / 

9. A method according to y&ny claim 8 wherein the first 
and second signals each comprise AC signals. 

10. A method according/ to claim 9 wherein the signal 
frequencies of the fi/fcst and second test signals are 
substantially identical . 

11. A method according to claim 10 wherein the first and 
second test signal^ have a known phase relationship. 

12 . Apparatus f <rfr testing a telecommunications system, the 
apparatus comprising; 

1) means for applying a first AC test signal having 
a first signal frequency to the system; 

2) /means for measuring the response of the system to 
the firs/ test signal; 

3/ means for applying a second AC test signal having 
a second signal frequency different to the first signal 
frequency to the system; 

/ 4) means for measuring the response of the system to 
/he second test signal; and 
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5) means for calculating one or more parameters 
the system from the responses measured in steps 1) ana 2) . 
13 . Apparatus for testing a telecommunications system 
comprising first and second transmissiop^lines, the 
apparatus comprising 

1) means for applying a firsjs^test signal to the 

first line 

2) means for measuring^the response of the first 
line and the second line fed the first test signal; 

3) means for applying a second test signal to the 
second line 

4) meana4or measuring the response of the second 
line and the^first line to the second test signal; and 

means for calculating one or more parameters of 
ilecommunications system from the responses measured 
Cn steps 1) and 2) . ■ ■ 
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(57) Abstract 

A method of testing a telecommunications line by using the following method. Applying a first AC test signal to a communications line 
(7) by tone generator (23) having a first frequency and then measuring the response to the first test signal. Applying a second AC test signal 
to the same communications line (7) with a different frequency and measuring the response. Calculating one or more line parameters based 
on the two measured responses. 
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AMENDED CLAIMS 

[received by the International Bureau on 22 February 2000 (22.02.00); 
original claims 3-7 amended; remaining claims unchanged (3 pages)] 

1. A method of testing a telecommunications system, the method 
comprising; 

1) applying a first AC test signal having a first signal 
frequency to the system and measuring the response of the system 
to the first test signal; 

2) applying a second AC test signal having a second 
signal frequency different to the first signal frequency to the 
system and measuring the response of the system to the second 
test signal; and 

3) calculating one or more parameters of the system from 
the responses measured in steps 1) and 2) . 

2. A method according to claim 1 wherein the first and second 
test signals are applied at different times. 

3 . A method according to claim 1 wherein one or both of the 
test signals has a substantially sinusoidal waveform. 

4. A method according to claim 1 wherein less than five cycles 
of each signal is applied to the system. 

5 . A method according to claim 1 wherein the test signals are 
each applied to the system through a known impedance. 

6. A method according to claim 1 further comprising applying; 

4) applying one or more additional test signals to the 
system and measuring the response of the system to at least one 
test signal; and 

wherein step 3) comprises calculating one or more 
parameters of the system from the responses measured in steps 
1 ) , 2 ) and 4 ) . 

7. A method according to claim 1 wherein the system comprises 
first and second transmission lines, and wherein each step of 
applying a test signal and measuring the response of the system 
comprises 

a) applying the test signal to the first line and 
monitoring the response of the first line and the second line to 
the test signal; and 

AMENDED SHEET (ARTICLE 19) 
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b) applying the test signal to the second line and 
monitoring the response of the second line and the first line to 
10 the second test signal. 

8. A method of testing a telecommunications system comprising 
v first and second transmission lines, the method comprising 

1) applying a first test signal to the first line and 
measuring the response of the first line and the second line to 

5 the first test signal; 

2) applying a second test signal to the second line and 
measuring the response of the second line and the first line to 
the second test signal; and 

3) calculating one or more parameters of the 
10 telecommunications system from the responses measured in steps 

1) and 2) . 

9. A method according to claim 8 wherein the first and second 
signals each comprise AC signals. 

10. A method according to claim 9 wherein the signal frequencies 
of the first and second test signals are substantially identical. 

11. A method according to claim 10 wherein the first and second 
test signals have a known phase relationship. 

12. Apparatus for testing a telecommunications system, the 
apparatus comprising; 

1) means for applying a first AC test signal having a 
first signal frequency to the system; 
5 2) means for measuring the response of the system to the 

first test signal; 

3) means for applying a second AC test signal having a 
second signal frequency different to the first signal frequency 
to the system; 

10 4) means for measuring the response of the system to the 

second test signal; and 

5) means for calculating one or more parameters of the 
) system from the responses measured in steps 1) and 2) . 

13 . Apparatus for testing a telecommunications system comprising 
first and second transmission lines, the apparatus comprising 

1) means for applying a first test signal to the first 

line 

AMENDED SHEET (ARTICLE 19) 
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2) means for measuring the response of the first line and 
the second line to the first test signal; 

3) means for applying a second test signal to the second 

line ; 

4) means for measuring the response of the second line 
and the first line to the second test signal; and 

5) means for calculating one or more parameters of the 
telecommunications system from the responses measured in steps 
1) and 2) . 
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(54) Title: APPARATUS AND METHOD FOR TESTING A TELECOMMUNICATIONS SYSTEM 
(57) Abstract 

A method of testing a telecommunications system (7), the method comprising: I) applying a first AC test signal having a first signal 
frequency to the system and measuring the response of the system to the first test signal; 2) applying a second AC test signal having a 
second signal frequency different to the first signal frequency to the system and measuring the response of the system to the second test 
signal; and 3) calculating one or more parameters of the system from the responses measured in steps 1) and 2). 
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The present invention relates to a method and 
apparatus for testing a telecommunications system. 

Conventional apparatus for testing telecommunications 
systems applies a test signal to the telecommunications 
system and, by analysing the response of the system to the 
test signal, calculates one or more parameters of the 
system in accordance with a chosen line model. 

A problem with conventional methods is that it is not 
possible to determine the series line resistance of a 
transmission line in the system under test. 

In accordance with a first aspect of the present 
invention there is provided a method of testing a 
telecommunications system, the method comprising; 

1) applying a first AC test signal having a first 
signal frequency to the system and measuring the response 
of the system to the first test signal; 

2) applying a second AC test signal having a second 
signal frequency different to the first signal frequency to 
the system and measuring the response of the system to the 
second test signal; and 

3) calculating one or more parameters of the system 
from the responses measured in steps 1) and 2) . 

The first aspect of the present invention provides 
additional data which can be analyzed to calculate system 
parameters (e.g. electrical parameters such as resistance 
or capacitance) which have been previously difficult or 
impossible to determine - such as series line resistance. 

The first and second AC test signals may be applied at 
the same time, in the form of a mult i - frequency signal. 
However preferably the first and second test signals are 
applied at different times. 

The wave form of the first and/or second test signal 
may be non-sinusoidal (for instance a square wave or saw- 
tooth wave) but preferably the test signals have a 
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substantially sinusoidal waveform. This simplifies the 
calculation procedure. 

It is important that the method can test the 
telecommunications system quickly - this enables a number 
of lines within the system to be tested over a given 
period. Therefore preferably less than 5 cycles of each 
signal is applied to the system. In a preferred 

embodiment, two cycles of each signal are applied to the 
system. 

Typically the test signals are each applied to the 
system through a known impedance. The voltage drop across 
the known impedance can then be used to calculate a 
characteristic impedance of the telecommunications system. 

If additional data is required, then one or more 
additional test signals may be applied to the system. The 
one or more additional test signals may comprise AC test 
signals with a signal frequency different to the signal 
frequency of the firsc and second test signals. However 
preferably the or each additional test signal comprises a 
DC test signal . 

Typically the system comprises first and second 
transmission lines (conventionally known as A and B lines) . 
Conventionally an AC test signal is applied simultaneously 
to both lines (either in phase or in anti-phase) and the 
response of only one of the lines is monitored. In a 
preferred embodiment the step of applying a test signal and 
measuring the response of the system comprises: 

a) applying the test signal to the first line and 
monitoring the response of the first line and the 
second line to the test signal; and 

b) applying the test signal to the second line and 
monitoring the response of the second line and the 
first line to the second test signal. 

By monitoring the response of both lines, additional 
parameters can be obtained. 

In accordance with a second aspect of the present 
invention there is provided a method of testing a 
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telecommunications system comprising first and second 
transmission lines, the method comprising 

1) applying a first test signal to the first line 
and monitoring the response of the first line and the 
second line to the first test signal; 

2) applying a second test signal to the second line 
and monitoring the response of the second line and the 
first line to the second test signal; and 

3) calculating one or more parameters of the 
telecommunications system from the responses measured in 
steps 1) and 2) . 

The second aspect of the present invention enables a 
number of system parameters to be calculated. In contrast 
with conventional systems, the response of both the first 
line and the second line is monitored. 

The first and second signals may be DC signals, or 
alternatively the first test signal and/or the second test 
signal may comprise an AC signal. In a preferred example 
the signal frequencies of the first and second test signals 
are substantially identical. Alternatively, the signal 
frequency of the first and second test signals may be 
different . 

The first and second test signals may be generated 
independently, but preferably they have a known phase 
relationship. This enables the parameters to be calculated 
more easily in step 3) . 

A number of embodiments of the present invention will 
now be described with reference to the accompanying 
drawings in which: - 

Figure 1 is a schematic illustration of apparatus for 
testing a telecommunications system; 

Figure 2 illustrates the remote test unit, exchange 
and telephone in more detail; 

Figure 3 illustrates the functional structure of the 
5 remote test unit ; 

Figure 4 is a schematic diagram illustrating the 
arrangement of the line test unit; 
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Figure 5 illustrates part of the measurement cycle; 

Figure 6 illustrates the full complex voltages 
measured by the AC measurement cycle; 

Figure 7 is a first example of a line model ; 
5 Figure 8 is an enhanced line model; 

Figure 9 is a line termination model, discussed in 
Appendix 4 ; and 

Figure 10 is a third example of a line model. 
Figure 1 is a schematic diagram of a system for remotely 
10 testing a telecommunications line. An operator station 1 
is connected to a general controller 2 which inputs and 
outputs signals to/ from a telecommunications medium 3 
(which may comprise a PSTN or X.2 5 network) . A telephone 
6 is connected to a local exchange 5 via a land line 7. A 
15 remote test unit (RTU) 4 is connected to the exchange 5 in 
order to test the land line 7. Figure 1 illustrates a 
control path 8 and a test path 9 . 

As can be seen in Figure 2, the line 7 comprises a 
pair of lines 10,11 (configured as a twisted pair) known 
20 conventionally as "A" and "B" lines. An exchange feed 
comprising a 50V battery 12 is connected to the A and B 
lines 10,11 during normal operation via 200 ohm resistors 
13,14. In order to test the line 7, the RTU control line 
8 switches the A and B lines 10,11 over to the test line 9 
25 (which in turn comprises a pair of input lines 15,16) . The 
RTU communicates with the general controller 2 via a V.24 
link (17) or 300 V.21 link (18) . 

The internal functional structure of the RTU 4 is 
shown in Figure 3. The A and B input lines 15,16 are 
3 0 connected to a line access unit 19 which controls the input 
and output of signals to/from the line 7. A line test unit 
22 controls testing of the line 7, a tone generator 23 
generates tone signals 24 which can be output onto the line 
7, and voice modems 25,26 handle voice signals which can be 
3 5 communicated between the operator station 1 and telephone 
set 6. The RTU is controlled by a microprocessor 20 and 
data acquired is saved in a memory 21. 
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The line test unit 22 is illustrated in more detail in 
Figure 4. A pair of signal generators 30,31 generate sine 
wave signals which are amplified by respective amplifiers 
32,33. The signals output by amplifiers 32,33 have a range 
5 of +/-2 00V and a bandwidth of 10kHz. The signal generators 
30,31 are run synchronously from the same clock by a 
controller 34. This ensures that the signals have a known 
phase relationship. Each line has a respective set of 
output resistors 3 5-40 (each having a known resistance 

10 within a tolerance of 1%) . Each output resistor has an 
associated switch 41-46 which can be closed by controller 
34 to connect the associated output resistor between the 
amplifier and output line 47,48. Typical resistance values 
for the three output resistors on each line are 200, 1M and 

15 100K ohms. The voltage on line A is measured by a 
voltmeter 4 9 and the voltage on line B is measured by a 
voltmeter 50. The voltages are digitised by A-D converter 
51 which samples at 12 kHz. Phase and RMS voltage values 
are calculated by processor 52 and stored in memory 53. 

20 Referring to Figure 5, the line test procedure is as 

follows : 

Step 1 - open all output resistor switches 41-46 and 
measure DC voltage on A and B lines. 

Step 2 - adjust DC bias of amplifier 32 so that 
25 amplified signal is centred on line A DC voltage level. 

Step 3 - adjust DC bias of amplifier 33 so that 
amplified signal is centred on line B DC voltage level. 

Step 4 - set signal generators 3 0,31 to generate a DC 
signal . 

30 Step 5 - close a selected one of the line A output 

resistor switches 41-43. 

Step 6 - store DC voltages on voltmeters 39,50 in 
memory 5 3 . 

Step 7 - open selected line A switch and close a 
35 selected one of the line B output resistor switches 44-46. 

Step 8 - store DC voltages on voltmeters 39,50 in 
memory 53 . 
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Step 9 - set signal generators 30,31 to 2.75Hz. 

Step 10 - after first cycle, perform digital fourier 
transform (at 2.75Hz) of signals from voltmeters 49,50 over 
second cycle and store amplitude and phase values in memory 
53 . 

Step 11 - open selected switch 44-46 (line B) and 
close switch 41-43 associated with selected output resistor 
(line A) . 

Step 12 - after first cycle, perform digital fourier 
transform (at 2.75Hz) of signals from voltmeters 49,50 over 
second cycle and store amplitude and phase values in memory 
53 . 

Step 13 - adjust frequency of signal generators 30,31 
to 5Hz. 

Steps 14-16 - repeat steps 10-12 at 5Hz . 

The resulting AC data can be represented as four 
complex voltage values as illustrated in Figure 6, where: 

V A1 is the voltage measured by voltmeter 4 9 (line A) 
with signal being applied to line A; 

V - is the voltage measured by voltmeter 50 (line B) 

B ( 

with signal being applied to line A; 

V. is the voltage measured by voltmeter 49 (line A) 
with signal being applied to line B; and 

V , is the voltage measured by voltmeter 50 (line B) 
with signal being applied to line B. 

The four complex values can then be used to calculate 
four impedance parameters Z as defined below: 
Z 11 =V ae /I a when line b is open; 
Z 22 =V be /I b when line a is open; 
Z 12 =V ae /I b when line a is open; and 
Z-„=V. /I when line b is open; . 

2 1 be' a 

where 

V ae is the voltage on voltmeter 49 (ie. the voltage 
from line A to earth) ; 

V. is the voltage on voltmeter 50 (ie. the voltage 

be 

from line B to earth) ; 

I is the current on line 47 (line A) ; and 
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I b is the current on line 48 (line B) . 

Since the voltages (V a ,V b ) output by the amplifiers 
32,33 and the values (R a ,R b ) of the resistors 35-40 are 
known accurately, the currents I a and I b can be eliminated 
5 from the expressions for Z as follows: 

Zii=R a V„/(V-V ae ); 

Z 22 = *b V be/ (V " V be> 

z 2 i-R a v be /(v-v ae ) . 

10 Once the Z parameters have been calculated as 

discussed above, they can be used to determine 
characteristics of the line 7 under test using an algorithm 
based on a selected line model. 

One example of a suitable line model is illustrated in 

15 Figure 7. The series resistances of the lines 10,11 
between the RTU 4 and the telephone G are represented by 
resistors R V R 2 - The line termination at telephone 6 is 
represented by resistors R 5 ,R 6 and capacitors C 2 ,C 3 . The 
leakage to ground from the A and B lines is represented by 

20 resistors R 3 ,R 4 and capacitors C,,C 2 . The problem with the 
line model of Figure 7 is that it is difficult to find ten 
independent equations based on conventional tests in order 
to calculate the ten line model parameters. Even if ten 
independent equations could be found, it would be difficult 

25 to solve the ten non- linear equations even by a numerical 
method . 

The alternative line model of Figure 8 reduces the 
number of parameters to be identified by replacing the line 
termination parameters R 5 ,R 6 ,C 2 and C 3 with a single 

30 impedance value Z. In Figure 8 the series resistances of 
the lines 10,11 between the RTU 4 and the telephone 6 are 
represented by resistors r 1 , r 2 and the leakage to ground 
from the A and B lines is represented by resistors g, , g 2 and 
capacitors C 1; C 2 . 

35 A set of equations based on the enhanced line model of 

Figure 8 can be manipulated into a linear equation system 
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and a set of symbolic solutions obtained as set out in 
Appendix 1, Appendix 2 and Appendix 3 below. 

Furthermore, the line termination parameters can also 
be calculated as set out in Appendix 4 below. 
5 The calculated values of the parameters r 1 , r 2 , , g 2 , 

c 1# c 2 and z are stored at the RTU for later analysis or 
transmitted back to the operator station 1. The parameters 
can then be used to identify and characterise any faults on 
the line 7 such as a break in the line, fault to ground or 
10 fault to another line. Furthermore the parameters can be 
used to determine whether the line 7 is suitable for 
carrying different communication protocols such as 
ISDN, DACS , HDSL, CWSS or ADSL. 

A further alternative line model is illustrated in 
15 Figure 10. It is possible to calculate the parameters of 
this model using a simplified measurement procedure which 
uses a DC measurement followed by a single AC measurement 
(ie. at only one frequency) . 

Although the line test unit 22 illustrated in Figure 
2 0 4 is shown with two signal generators 3 0,31 and two sets of 
output resistors 41-46, it will be appreciated that a 
single generator and a single set of resistors could be 
used, and switched from one line to the other. 
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A ppendix 1 



Identification Results 

The model parameters including the series resistances are given as follows, 

» | 7, n »Z..oaru+(Bn 1 Z l ,.»Z iat ( i) 



CCn, 



(2) 



con. 

ovu (3) 



{n x ) Z Z xxb +«,n,2 I , u CO-rn 1 2 12A -/uZ 12a C0 +« s n 3 Z 1Jt (<o) 2 + (*,)" Z,„(co) 



S. ="i£: (4) 



gt-gz-jOKi-JVXz 



Z = 



_ z. 



(6) 



where 03 is test frequency. Z* and Z ijb . «./.2. y=/.2 are the real and imaginary -pans Z" 
pirameTers respectively, and „ fc M.2.3 can be calculated from the kaowns. whose expressions 
alona with the detailed mathematical manipulations were given m the appendix. 

An example 

For a simple example to show that the proposed method can solve the problem, let us suppose 
that 

r x = r, = 1, 

Sz - 3, 
c,=2. 
c. = 4. 

z-izi* 

For this 4 simole example, the measurements of Z-parameters can be easily simulated by simple 
calculation as indicated in (7)-(9) in the appendix. Tney are. 
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co = U lo 

328 
-51 

Z,,A = *328 
2 

^ 82 
z =^ 

" 2a 41 

CO, =2 

, _ 10145 
:\a - 94J.2 

, _ -7 1 1 
Z: "' 4 " 4721 
50 



4721 
-12S 



4721 
4896 
4721 
-^83 



721 

substitue them to (27) to (35) to calculate coefficients (See appendix 2 for definition) we get 
116037 



a, = 



a. = • 

a : : 
d. : 

d. 

d, 
d 5 



1548488 
7392 
193561 
1 1709 
193561 
225645 
1548488 
-124167 
774244 
-26 i 3 
387122 
13131 
193561 
-28842 
193561 
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By further substituting to (46) to (48) we get 
2 

n. = — 

1 3 

A 
T 

So we can calculate ri and r 2 from (50) and (51), the results are 
1 = 1 

and g2 from (52) 
from (43) to (45) 
ci=2 

which are exactly the same as our assumption. For a more practical example, the results' accuracy 
relies heavily on the precision of the software. It needs to be studied that what precision is needed 
for our test purpose. 

Discussion and conclusions 

• In the report, we suppose that two frequencies are used in the measurements. It is noticed that 
one of them can bezero, that means we can use a DC test and an AC test to identify all the 

. parameters. But in this case, the formulas are more .complicated as less information obtained. 
In fact, a second order, two variables non-linear equation system has to be solved, maybe 
numerically. Further study is carrying out along this direction hoping find a way to rind a 
relatively simple symbolic solution. 

• The calculation can be further reduced as we use two frequencies with one doubles the other, 
which is the case in the current test system. 

• It is oossibie to locate leakage fault by using the series resistance. 



• The line termination parameters, which are represented by a combined impedance Z in our 
discussion, can be further identified 

• It can be concluded that ail the parameters in the enhanced line model can be uniquely 
* identified with two frequencies measurements. For the DC and AC case, the line parameter and 

the* combined line termination can be identified, but the individual line termination parameters 
remain unsolved 
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Appendix 2 

For a two port network as shown in Figure 8 the Z-parameters can be calculated as follows, 



_L_r z+ _i_ ) 

7, + ycoc, I g z + yccc, ; 



Z u = r i + 1 ~ 1 

i + Z + : 

g,-!-yCOC, f: + yCOC, 

(gi + ycoc^Z + l (7) 

~ r ' + gl + g 2 + y'coc, + y'coc, + Z( g, + y'coc, )(g 2 + y'coc,) 

(g 2 + yCOC,)Z-M 

= r 1+ j- 

1 1 



y'coc, ^i + ;^ c 2 

1 



_i 

' A 



g, -t- y' coc, ^ g, + ycoc, 
= r, -i — = — ^ T 

1 .tZ + - 



(S) 



g,-h y'coc. g, -ry'COCj 

(g, +ycoc,)Z + l (9) 

" ^ + g, +■ g z +■ y'coc, -r ;'coc, + Z(g, + y'coc, )(g 2 + 
( g , -!-ycoc,)Z-i-l 

From (3) we can get, 

Z{ gl -r y'coc, ){g 2 -s- ycoc- ) = * , - g 2 - y'coc, - y'coc. < l0) 

Rewritten (7) as: 

2, , = I + [(ft + j<» c z > Z + ! ] Z «= 

multiplv (g,+j<BCi), if (Si+j<aci) - 0. we S et 

(g, + y'coc, )Z, , = /i + ) + (*■ + J*** + ^ ) z l J Z r. ( t ! ) 

= r,(g, + yooc, + ;<oc,)(g, +y'coc,)Z]Z t , +(g, +ycoc,)Z, 2 

substitute (10) to (1 1) to eliminate Z, 
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( 8l +y<oc I )Z, , = +y<Dc,) + (j — 5| - j a - ycoc, - j<0c 2 )Z n + (g l + jac t )Z l2 

= /-,(£, +7C0C I ) + -1-(^ I +7<oc l )Z„ -(g, + ycoc 2 )Z 12 +(g, +yctic,)Z, 2 (12) 
= r, (j, + 7<oc, ) + 1 - (g 2 + y'coc, )Z 12 
Similarly we can get an equation about as 

{g, + y'coc 2 )Z 22 =/j(^j ■+ycocj) + l-(^ 1 +jcoc,)Z I2 (13) 
We write the Z-parameters in their real and imaginary part as 

z, , = z, ,„ + yz, li( 

Z 12 =Z, 2a +jZ 12o (14) 
Substitute (14) to (12) we get 

U,f ; u x,)(Z lte : ;z u J -=-^r^ycoc 1 )^l-(g 2 H-;coc 2 )(Z, 2a + ;Z m ) 

5,Z Ua -ooc I Z lu +7(«|Z,,» h-Z^ox:,)^, +l-g 2 Z I2o T-cuc^^ + yC-.coc, -coc,Z 12a -g 2 Z 126 ) 

By separate real and imaginary part, we get two equations, 

g,Z, la - «dc,Z, 16 - r, g, - 1 + g,Z 12a - coc 2 Z 126 = 0 (16) 
g,Z Mi +Z llu COC, -r 1 coc,+(Oc,Z I2u -rg 2 Z. 24 =0 (17) 
Be substituting (14) to (13) we can get another two equations in a similar way, 

gl Z ~la -<* C 2 Z Z2b ~ r zSz Tl+i^j. -UC,Z I26 = 0 (18) 

$,Z^+Z & coc 2 -r 2 coc : +coc 1 Z, ta +$ l Z m =0 (19) 
When the measurements are taken at two frequencies, we can get another set of equation at 
frequency C0i, if we denote the measurements at this frequency by adding a superscript 2 to the 
corresponding quantities, the equations can be written as follows 

g ,Z 2 „ - co 2 c,Z t 2 1A -r t g t -l + g z Z* u - a> A Z*. = 0 (20) 
g,Z 2 |u> -rZ 2 || a C0 2 C, -Z-jCOjC, -j-co,c.Z 2 1 2 a +^ 2 Z 2 ua =0 (21) 

g.Z 1 22* - CO , C,Z 2 22> ~r,^ 2 -lr»Z : |i, - CO ,C,Z 2 |2i = 0 (22) 

5 2 Z 2 22* +Z 2 22 a co.c 2 -r,co,c- -rCO-qZ 2 !^ + 5,Z 2 in, =0 (23) 
The problem is to solve equations (16) to (23) for model parameters r*, g k and c*, k=l,2. 
To eliminate r, and r 2 , first let (16)- (20), we get, 

g,(Z„ a -Z 2 J-c,(cDZ m -CD^ . (24) 

then C02X( 17) - cox(21) which gives, 

g,(co 2 Z m -coZ 2 11( )-coco,c.(Z Mu -Z, : lu ) + 5 2 (co-Z 12i -coZ, 2 24 )-coco 2 c.(Z. 2a - Z, 2 ^) = 0 (25) 
similarly. (12) - (16) yields, 

5:(Z 22a -Z 2 : 2a )-c 2 (co Z 22A -co-Zi^ j,(Z I3- -Z.y-c.On Z !2i -co.Z,^) = 0 (26) 
Let, 

a,=Z IU -Z:; l4 (27) 
a^Z^-Z 2 , (23) 

a, = Z 223 -Zk (29) 
and 

b, =coZ llb -co 2 Zf, b (30) 
b : =co,Z Ilb -coZ 2 lb ( 31 ) 
b, =coZ, 2b -co 2 Z 2 :b (32) 
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b^COjZ^-COZia, 

So (24) to (26) can be rewritten as 

fcjg, ^-^ffltOjC, +£ 4 £ 2 +a,CDCO,c, =0 

^3^2 -Vi +a 2^i "Vi = 0 

Solve (36) to (38) for gj. c,, and c 2 we get. 




(33) 
(34) 
(35) 

(36) 
(37) 
(38) 



*3 



A, 



A, 2 

a&fr. + 0,0,^,006) , - a^iy,i>. - (a, Y'cflco , - cubjj, + aJj,b~, . 

" A, 

-a^A + aA1>i -^M 2 ®®! ' a A b i +M\<*®z +a,b& (41) 
where 

A, afc^j & 3 axo 2 -^(^) s +(a 5 ) l * s eo«:-2^flAffla> 2 < 42) 
If we denote the coefficient of (39)-(41) by rtj, j=l, 2,3, we get, 

c, = n,g, 
where 

a,a.b £X0 7 +b,bjb. -(b.) Z b A + 0.^0x0,-0^36,0x0, -(o,)~fr,QX0 2 (46) 
" " XT 

ajjjj. -j- o,a-a-,coco. -cubJi % -(a.)'coco, -a.p.b x ^a-pp^ (47) 
«,= * — ^ 

-a.^ a^,Q; - a--. (a z ) = 0X0 s ~ + ( a i )" a - oxo ? * a - b ^* (48) 



(43) 
(44) 
(45) 



Substitute g h Ct, c 2 to ( 1 7) 

if g, ?±0, we can solve (49) for r, as follows 
°_ n,Z, ,„ + Z. ..ffln. -=-comZ,, a + Z,. s (50) 
1 din- 
Similarly we can get r 2 from (19) 

_ n,Z„„ +Z^,.con, -j-C0n.Z,. a -s-Z^ (51) 
1 con- 
Substitute gi,c,.c 2 and r, to (16), we can determine g2, 

= , — (52) 

Sz {n,) Z Z, u ,-rr H r h Z 2u Oi^n,Z l2b - *,Z lIu C0 + ^Z.^co) 2 + (* s ) 2 Z, ,*(o>) J 

After g 2 is determined. S;.c,.c 2 can be calculated from (43) to (45). So far, the only parameter left 

undetermined is Z, which can be calculated at frequency co from (10) as 
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J g -g, - j(HC t - j(M, 

7 01 

7 = -=13 : r — 



(53) 
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Appendix 3 



Further discussions on Identification Results 

In Appendix 2 we got a set of symbolic solutions to all the parameters in the enhanced model. 
The results are repeated here, 

H.Z... +Z,, u ton, -kowtZ.1. * Z,» (1) 



con, 



r * ~ con. 



(2) 



(n,) 2 Z 114 +n 1 n,Z IIa CO + n,Z m -^Z^CO + n a n J Z ia ,(co)* + (n,.) 2 Z,u» J 



Si =n «S: (4) 
c, = (5) 
c, = 

J-.g.-^-jcoc.-jcoc, 

where co is test frequency, Z* and Z*. .f-i.Z U are the real and imaginary pans of the Z- 
parameters respectively, and n*. *=7.2.3 can be calculated as follows. 

fl.q^coco . + bjtjb. - jb.) 1 K + a,a 3 fe,coco , - a .a^coco ■ - (a J ^coco . (?) 
"i = " A, 

a. bA +a x a.a- j eo<X) z -a-bJ? : -(a,) 3 coco, -a t b.b A +aJ>J>y (3) 

n. = 1 1 a 



A, 



-t-a> ; g- -a,(a-) : co(0. -a-,i7.i>, -i-(a,) 2 a,coco. -t-aM (9) 

where 

and a,, k= 1.2,3. bj, j=1...6 can be calculated directly from the knowns( See [1] for their 
definations) 

One problem with this set of formula is that A, can be zero for some particular <new"<«jn< 
vleTln this case, an alternative has to be found to calculate the parameters. Taking .mo 
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consideration the condition that A, is zero, another set of formula can be obtained as shown in the 
follows. 

-Z. ..moA + Z, la coaA ~ ZhM + ~ ^""^ + (11) 

7.. mbA - Z„„<oaJ>, - f Z^fa)* ~ Z Uu (M& + Z^cmA 



5, — «■> 

8z =■ 



m, - J, 
c 7 = " T 

where 

m, = Z, ltt p 2 -GiZ m <? 2 -r,p, +Z 12u 
m, = Z lu p, -C0Z Itt 9, -r,p, +<oZ l2A 
j, = Z^ - r 2 + Z l2a p 2 - <oZ 12 rf, 
5 2 = -coZ^ +Z l2a p, -coZ t24 9, 
and 



Pi 



(ID 
(13) 

(14) 

(15) 
(16) 

(17) 
(18) 
(19) 
(20) 





(21) 


ajj- -a~p\ 






(22) 






cub. — <2,i? 5 


(23) 


a A - a z b x 






(24) 



a x b z - cub. 
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Appendix 4 



Line termination 

- w is usuallv terminated by a resistance R in series with a capacitor C, which is 
Figure 9 we have 

jcoc (1) 
y = j? -r /co c, — : — n — 



b = co c, + 



1 + 



Let 

J?c 2 = * 

and measure the*Y at two frequencies co, and co,. we have 

CO 1 xc z CO Z \ xc z 



and 



c 



03, co, l-s-co^x- l+co:x- 
(6)/(7) we have 



(2) 



Let 

Y = a + jb 

where a and b are the real and imaginary part of Y respectively. So 

co 2 Rc: (3) 

CO c 



(4) 



(5) 



(6) 



(7) 
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to ?x 



l + co?x 2 



1+co; x 1 



1 



I 



CO, C0 2 l+CDp:" 

co^(i-ko:x : )-co;(i^co?x 2 ) 

= X (l + CO^j-ll+Cofo: 1 ) 



i.e. 



x = — 



a>2j:*-co l x 
_ _J_ 

X 



6, 

CO, co, i_ coJ7, -co,k 



a x - a, co,co. a. 
After we get x, c ; can be calculated from (6), which gives 

_(a,-a,)(l-co?x I )(l-coix 2 ) 
C *" x(cof-co 2 ) 

and R from (5) 

So g and cl can be determined from (3) and (4) respectively 
CO \xc\ 



g = a , — 



1-5-CO* x~ 



and 



CO, 1-rCO^X" 



(8) 



(9) 



(10) 



(11) 



(12) 



(13) 
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CLAIMS 

1. A method of testing a telecommunications system, the 

method comprising; 

1) applying a first AC test signal having a first 
signal frequency to the system and measuring the response 
of the system to the first test signal; 

2) applying a second AC test signal having a second 
signal frequency different to the first signal frequency to 
the system and measuring the response of the system to the 

second test signal; and 

3) calculating one or more parameters of the system 
from the responses measured in steps 1) and 2) . 

2. A method according to claim 1 wherein the first and 
second test signals are applied at different times. 

3 . A method according to claim one or two wherein one or 
both of the test signals has a substantially sinusoidal 
waveform. 

4. A method according to any of the preceding claims 
wherein less than five cycles of each signal is applied to 
the system. 

5. a method according to any of the preceding claims 
wherein the test signals are each applied to the system 
through a known impedance . 

6. A method according to any of the preceding claims 
further comprising applying; 

4) applying one or more additional test signals to 
the system and measuring the response of the system to the 
or each test signal; and 

wherein step 3) comprises calculating one or more 
parameters of the system from the responses measured in 
steps 1) ,2) and 4) . 

7. A method according to any of the preceding claims 
wherein the system comprises first and second transmission 
lines, and wherein each step of applying a test signal and 
measuring the response of the system comprises 
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a) applying the test signal to the first line and 
monitoring the response of the first line and the second 
line to the test signal; and 

b) applying the test signal to the second line and 
monitoring the response of the second line and the first 
line to the second test signal. 

8. A method of testing a telecommunications system 
comprising first and second transmission lines, the method 
comprising 

1) applying a first test signal to the first line 
and measuring the response of the first line and the second 
line to the first test signal; 

2) applying a second test signal to the second line 
and measuring the response of the second line and the first 
line to the second test signal; and 

3) calculating one or more parameters of the 
telecommunications system from the responses measured in 
steps 1) and 2) . 

9. a method according to any claim 8 wherein the first 
and second signals each comprise AC signals. 

10. A method according to claim 9 wherein the signal 
frequencies of the first and second test signals are 
substantially identical. 

11. A method according to claim 10 wherein the first and 
second test signals have a known phase relationship. 

12. Apparatus for testing a telecommunications system, the 
apparatus comprising ; 

1) means for applying a first AC test signal having 
a first signal frequency to the system; 

2) means for measuring the response of the system to 

the first test signal; 

3) means for applying a second AC test signal having 
a second signal frequency different to the first signal 
frequency to the system; 

4) means for measuring the response of the system to 

the second test signal; and 
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5) means for calculating one or more parameters of 
the system from the responses measured in steps 1) and 2) . 
13. Apparatus for testing a telecommunications system 
comprising first and second transmission lines, the 
5 apparatus comprising 

1) means for applying a first test signal to the 

first line 

2) means for measuring the response of the first 
line and the second line to the first test signal; 

10 3 ) means for applying a second test signal to the 

second line 

4) means for measuring the response of the second 
line and the first line to the second test signal; and 

5) means for calculating one or more parameters of 
15 the telecommunications system from the responses measured 

in steps 1) and 2) . 
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